Topographic Remarks
The liver is located intraperitonealy, and under the right hemi-diaphragm but also extend across the midline reach to the left hemi-diaphragm and to the spleen in some cases. The liver is fixed to the diaphragm by the pars affixa and to the ventral abdominal wall by the ligamentum falciforme (falciform ligament) and its strong margin, the ligamentum teres hepatis. The minor omentum consists of the ligamentum hepatogastricum and of the ligamentum hepatoduodenale. The hepatoduodenal ligament carries three vessels -two containing blood (the portal vein and hepatic artery), and one carrying bile (common bile duct). The further courses of these three vessels is mainly parallel (Glisson`s triad).
The structures of the liver hilum (porta hepatis) are accompanied by a number of (in relation to the portal vein) ventrally and dorsally located lymph nodes which can routinely be demonstrated by ultrasound (US). The liver has three main veins (hepatic veins) -left, middle and right one -which drain the liver blood to the retroperitoneally located inferior vena cava. The inferior vena cava is variably surrounded by liver parenchyma.
The organs and structures surrounding the liver are the organs of the peritoneal cavity and but also pleural and pericardial structures. Neighbourhood structures adjacent to the liver are numerous, including (clockwise) basal lung proportions separated by the muscular layers of the right diaphragm (and more or less extensively also of the left diaphragm too), heart, stomach, intestine (e.g., upper duodenal loop and right colonic flexure), abdominal aorta, inferior vena cava, right adrenal gland and right kidney.
Interposition of the colon between liver and the anterior abdominal wall can prevent the sonographic approach to the right liver lobe in case of Chilaiditi's syndrome. In the case of complete or incomplete situs inversus the topographic relations are inverted.
Liver anatomy

Anatomic orientation
Liver anatomy is defined by ligaments and fissures as well as by the vascular architecture: branches of the hepatic artery, portal vein, and bile ducts in their parallel course define the centers of liver segment anatomy.
Liver segment anatomy
A simplified anatomy divides into the larger right lobe (including segment V, VI, VII, VIII), the left lobe with its medial (IVa,b) and lateral segments (II, III), and the caudate lobe (I).
Couinaud classification
Liver segment anatomy is explained by the widely accepted architecture described by Couinaud [(16;17) ]. The Couinaud classification, modified by Bismuth (segment IVa, b), is based on 8 segments, each of which has its own arterial and portal venous vessel architecture (Glisson`s triad) indicating vascular inflow, outflow, and biliary drainage [(9;10) ]. Because of this division into self-contained units, each can be resected (alone or in groups) without damaging those remaining as the vascular inflow, outflow and biliary drainage is preserved. Depending on the 3D volume orientation of the liver (longitudinal or oblique orientated) interpretation of Couinaud classification unfortunately finds some inconsistency in literature. While the portal vein plane has often been described as transverse, it may be oblique since the left branch runs superiorly and the right branch runs inferiorly. In addition to forming an oblique transverse plane between segments, the left and right portal veins branch superiorly and inferiorly to project into the centre of each segment.
Ultrasound Examination technique Patient Preparation
It is recommended that a patient undergo a period of fasting prior to upper abdominal imaging to maximise the distension of the gall bladder and to reduce food residue and gas in the upper GI tract which may reduce image quality or precluded liver imaging. This is essential for full imaging of the liver and related biliary tree but may not be required in an acute situation such as trauma where imaging of the gall bladder is not immediately essential. A patient may take small amounts of still water by mouth prior to scan, particularly for taking any medications. There is some evidence that smoking can reduce image quality when scanning upper abdominal structures and it is good practice to encourage a patient not to smoke for 6-8 hours prior to US scan. Smoking increases gas intake into upper GI tract and may reduce image quality. Also, some chemicals in tobacco are known to cause contraction of the smooth muscle of the GI tract and this can cause contraction of the gall bladder, even when fasting has occurred, and the gall bladder cannot be scanned.
Examination
The liver is a large, pyramidal shaped organ and liver sectional anatomy may be best described imaged and defined using by real time ultrasound imaging. Conventional real time ultrasound produces images of thin slices of the liver on the screen, and so it is essential that the operator scans the entire organ systematically/ritually, in at least two anatomical planes, to be entirely convinced that the entire volume of the liver tissue and structures has been imaged. The operator must then synthesise this 2 dimensional information in their brain to develop a 3 dimensional map of the individual patient`s liver anatomy and pathology. This requires good hand-eye-brain coordination.
For orientation, three levels of the central portion of the liver can be differentiated:
• Level of the Confluences of the liver veins [ Figure 1 ].
• Level of the Pars umbilicalis of the (left) portal vein branch [ Figure 2 ].
• Level of the gall bladder [ Figure 3 ]. Analysing the ultrasound examination, these levels mean the access for a number of (more or less) parallel scanning sections, which in there summary in the examiner`s brain form an real time three dimensional ("4D") copy of the given patient`s individual anatomy and pathology. Standardised scanning in a ritualized sequence of probe-and patient positions and of scanning planes is mandatory to cover all segments and the complete liver surface.
The patient should be examined from sub-and intercostally in the decubitus position as well in modified slightly oblique positions with the right arm above the head and the right leg stretched during all respiration cycles to identify the best approach and to avoid artifacts caused by the thorax. Examination in the standing position is additionally helpful due to its weight, the liver moves caudally by gravity, and scanning from sub-or intercostal probe positions -according to the individual anatomy -avoides the interposed lung which is mainly true for the right posterolateral (superficial) parts of the liver using the intercostal approach. Other examination techniques have also been described but are not mentioned here in detail which might be additionally used. A great number of variants of the normal has to be encountered -e.g. with respect to accessory lobules, vascular branching, shape and configuration.
Examination criteria
An acronym has shown to be didactically helpful ["SSOTM"]:
Size
The size of the liver has been measured by many methods, including 3D-reconstructions. Liver size measurement has no impact in daily routine because there is no reliable and reproducible ultrasound method established so far.
Shape
Normally described as pyramidal.
Outline
The normal liver surface should be smooth with no lumps protruding or indentations. The inferior liver border in the normal patient should have an acute angled edge. Liver surface border delineation and other ultrasound criteria: Other ultrasound criteria are described in the respective chapters.
Texture, echogenicity
The normal liver parenchyma is of medium homogenous echogenicity, usually slightly darker than the spleen and slightly brighter than the renal cortex independently of the age except in childhood [(32)] . It is essential when comparing the liver with the spleen and renal cortex that the comparison is done at the same depth. Liver surface and vessels borders are smooth and vascular architecture with its classic dichotomy in branching is percepted as a harmonic and detailed aspect. The image of the normal parenchyma varies very little among individuals.
Liver veins
The three liver veins are positioned in between the liver segments. Their courseadditionally to the Glisson`s triad -is helpful in defining liver lobes and liver segments. Number and course of liver veins is somewhat variable [ Figure 1 ].
Portal vein
Formed by the confluens of the splenic and superior mesenteric vein, the portal vein can be sonographically displayed using scans more or less perpendicular to the lower costal margin (orientation might be achieved referring from the right shoulder to the umbilicus), preferably in a left decubitus position and in variably deep inspiration. Intrahepatically, the portal vein bifurcates into a main left and right branch. The first (right) portal vein branch splits into an anterior and into a posterior branch, which itself leads to the segments V -VIII. The latter (left) main portal branch bifurcates into segments II and III and, additionally, into the left medial branches for segments I (caudate lobe), IVa and Ivb [ Figure 2 ].
Hepatic artery
The common hepatic artery has its source from the celiac axis, branching into the gastroduodenal artery and into the proper hepatic artery (arteria hepatica propria). Anatomical variations are frequent (in up to 50 %), e.g. the origin of the left proper hepatic artery out of the left gastric artery as well as the variable arterial supply of the liver by superior mesenteric artery branches. The hepatic artery runs with the portal vein, the right main arterial branch frequently meandering around the portal vein sonographically displayed in short segments medially (or less often laterally) of the portal vein. The normal and pathological flow patterns are described below in the Doppler chapter.
Bile ducts
Bile ducts accompany the portal vein and hepatic artery branches from the liver hilum into the liver lobules, intrahepatically forming the ductus principalis dexter and the ductus principalis sinister, which join as common bile duct (CBD). The extrahepatic course of the CBD is cranially (pre-pancreatic) often ventral to the portal vein and caudally (intrapancreatic) more dorsolateral. The respective course of the hepatic artery is more variable [ Figure 4 ].
Figure 4
Common bile duct (CBD). The CBD, and therefore, the liver hilum, is often best examined in a left lateral decubitus position using a subcostal approach in slight inspiration [video] . In the typical view CBD (in between markers), portal vein (PV), hepatic artery (HA), inferior vena cava (IVC) and right renal artery (RRA) (and sometimes also the aorta [AO]) can be seen; the papilla region (PAP) is indicated.
Liver pathology -diffuse liver disease
Criteria for analysing diffuse liver disease include evaluation of -liver parenchyma (echo texture, ultrasound attenuation, vascular architecture, etc.) as well as its surface (a high frequency transducer is helpful in detecting more details of the superficially located structures); -liver hilum structures including perihepatic lymph nodes in the hepatoduodenal ligament, lymph nodes in inflammatory liver disease or neoplastic infiltration; -analysis of hepatic vessel flow patterns using colour and pulsed wave Doppler imaging (CDI).
Ultrasound contrast agents (USCA) have improved the detection/exclusion rate of focal liver lesions; in diffuse liver disease, USCA potential is much lower (e.g., hepatic transit time).
Hepatic steatosis
Hepatic steatosis is the most common liver pathology. Sensitivity and specificity of the detection of hepatic steatosis by B-mode ultrasound examination may be very high in the hands of an expert investigator who consistently applies specific criteria in patients with significant fatty liver disease. In transabdominal ultrasound, hepatic steatosis is characterised by increased echogenicity, which is often compared to the spleen or kidney parenchyma at the same depth [ Figure 6 ]. Supporting findings may be ultrasound attenuation, which means a decrease in intensity as sound travels through a material, caused by absorption, scattering, and beam divergence. Attenuation decreases detail analysis of vascular architecture, and it may cause a loss of visibility deeper within the liver and impeded imaging of the diaphragm. Hepatic steatosis (fatty liver). Sonographic signs of hepatic steatosis include hepatomegaly with rounded borders, increased echogenicity, ultrasound attenuation caused by absorption, scattering, and beam divergence and decreased detail display of intra-hepatic vascular architecture. There is exageration of the difference between the kidney parenchyma and liver echogenicity. Right kidney is shown between callipers (+).
In the majority of patients with hepatic steatosis, distinctive hypoechoic areas in the liver hilum can be demonstrated by ultrasound examination [ Figure 7 ] [(7;28;38)]. It is believed that the presence of focal hypoechoeic areas (FHA) within the liver hilum (and elsewhere in the liver) corresponds to parenchymal islands with (close to) normal fat content (due to a locally different blood supply), that are surrounded and contrasted by bright echogenic parenchyma with fatty infiltration. Subcapsular FHA and FHA close to liver veins are other typical locations, the shape of these "pseudolesions" being polycyclic and non-round. FHA are relatively specific for hepatic steatosis and may be helpful to differentiate fatty from fibrotic liver disease.
Similar focal hypoechoeic areas were demonstrated in patients with liver steatosis due to systemic corticosteroid therapy, even though the more important focal lesions in this condition are hyperechoic [ Figure 8 ]. Pathophysiologically areas of different fat content might be explained by a different arterial and portal venous blood supply in comparison to the surrounding liver parenchyma which is mainly portal venous and contains, therefore, a higher fat and insulin concentration in focal fatty infiltration [(32;38) ]. 
Liver cirrhosis
The accuracy of ultrasound in the correct diagnosis of "liver cirrhosis" in patients with complications (ascites, splenomegaly, collaterals) is high (> 90 %). In the initial stages and in micronodular cirrhosis, it may be overlooked in up to 30 % [ (32)]. Sonographic signs of liver cirrhosis include inhomogenous echotexture and irregular-nodular liver surface delineation and a variety of other possible findings including destroyed vascular architecture also dependent on the etiology of diseases [ Figure 9 ]. Dysproportional segment atrophy (and also hypertrophy) has been observed [ Figure 10 ]. Nodular liver surface (especially using high frequency transducers) has an excellent positive predictive value close to 100 % for cirrhosis. A disproportional volume enlargement of the caudate lobe in relation to the right and left lobe may be indicative of liver cirrhosis but this sign is of limited value in daily clinical practice.
Coarse liver parenchyma and a disturbed or destroyed vascular architecture as a sign of portal hypertension -such as reversed portal flow and collateral vessels -are other signs of liver cirrhosis. In Doppler studies, a raise in the arterioportal peak velocity ratio (maximum velocity of the hepatic artery divided through the maximum velocity of the vena portae) of more than 3.5 is predictive for cirrhosis. The positive predictive value of the detection of signs of portal hypertension is excellent such as reversed portal flow and the detection of collateral vessels. The negative predictive value is worse. Overall, the accuracy is about 60 %. An enlarged portal vein diameter greater than 1.25 cm or a reduced portal vein flow velocity indicates cirrhosis with a sensitivity and specificity of about 80 %. All mentioned parameters, however, are of limited value. 
Chronic viral hepatitis
In patients with chronic viral hepatitis B or C infection, hepatic steatosis is a frequent histological finding, occurring in more than 50 % of cases. The reason for this remains poorly understood. Even when the most common causes of steatosis are carefully excluded, a significant proportion of patients with chronic HCV infection show signs of liver steatosis.
Primary biliary cirrhosis (PBC)
The echo texture of the liver parenchyma in patients with PBC in stages I and II is often unremarkable. In stage IV typical signs of liver cirrhosis are detectable. Vascular hepatopathies occur with abnormal vascular courses, aneurysms, stenoses and occlusions of these vessels.
Arterial flow
Arterial liver perfusion disorders are rare, both in the sense of hypo-and hyperperfusion. A diminuished arterial lood flow may be caused by congenital malformations as well as by acquired embolic, thrombotic, inflammatory, vascular-tumourous, vasculitic or arteriosclerotic-degenerative changes, or in (acute) myocardial forward failure and shock [(15;40;43;49;50;52) ]. Hyperperfusion is observed even less frequently and is caused by arteriovenous shunts which are of congenital (e.g., Osler`s disease), traumatic or septic-embolic origin, as examples.
• Hypoplasia and aplasia of the common hepatic artery and/or its branches with atrophy of related liver segments, • Aneurysms of the common hepatic artery and its branches.
• Atypical vascular courses (e.g. with impression of the hepatic choledochal duct).
• Arteriovenous and arterioportovenous shunts (e.g., occurrence of M. Osler).
• Abnormal hepatic vascular malformations occur more frequently in connection with vascular changes in other organs (heart, lungs, brain, and kidneys) which tend to determine the clinical course and prognosis to a greater extent. 
Venous outflow
With disorders of the venous outflow, first a (substantial) restriction of the liver function occurs and second, signs of high portal vein pressure are detected. Right-ventricular heart failure is the most frequent venous outflow disorder. The increase in post hepatic resistance reduces the portal hepatic perfusion and may lead to a pendular or retrograde flow in the portal vein, especially in cases with an additional intrahepatic increase in resistance.
Colour Doppler imaging (CDI) for analysis of hepatic vessel flow pattern -an introduction
CDI is accurate and well established in evaluating portal hypertension, portal vein thrombosis due to different causes, Budd Chiari-syndrome and other forms of veno-occlusive diseases. CDI is routinely used to evaluate patients prior to liver transplantation to determine portal vein patency, signs of portal hypertension, and hepatic artery patency postoperatively. CDI is also important to monitor flow direction and patency of spontaneous and artificial porto-systemic shunts, e.g. TIPSS.
Patients after liver transplantation are monitored by analysing the hepatic artery profile. Stenosis and rejection are indicated by changes in the resistance flow pattern.
Chronic heart failure reveals tetra-phasic flow in the right liver vein and highly undulating flow patterns in the portal vein, reversing during intensified therapy.
Analysis of the flow pattern in the liver veins is helpful to characterise diffuse parenchymal liver disease [(4-6)].
Vascular (Doppler) indices
Vascular indices, e.g., Doppler perfusion index (DPI), hepatic transit time and various ratios analysing different vessels have been used for liver tumour detection and characterisation but are currently only used in experimental settings. The portal vein congestive index (PVCI) is defined as ratio of cross sectional area of the extra-hepatic portal vein to time averaged mean velocity of blood flow in the portal vein. The PVCI is elevated in liver cirrhosis at an early stage with a constant portal vein blood flow (cross sectional area multiplied by the time averaged mean velocity) which can be reached by an increased portal vein pressure with consecutive dilatation of the latter vessel. The method -more difficult in its wording than in its application after some training -has, however, not been able to reach general acceptance. The Doppler perfusion index (DPI) is the ratio of hepatic arterial blood flow (normal below 20 %) to the total liver blood flow (hepatic arterial and portal venous blood flow). DPI is reported to be elevated in the presence of intra-hepatic tumours as well as in patients with liver cirrhosis, and was used to screen patients with suspected metastases. The promising data could not be reproduced. Increased pulsatile flow (high resistance index) in the portal vein has predominantly been found in patients with severe right heart failure, demonstrating right atrial pressure negatively correlated with portal vein pulsatility ratio [ Figure 19 ] [ (35;48;50) ]. In patients with steatosis the flow is flattened which is demonstrated in a low resistance index. Figure 19 Increased pulsatility in the portal vein. Increased pulsatile flow in the portal vein has predominantly been found in patients with severe right heart failure, demonstrating right atrial pressure negatively correlated with portal vein pulsatility ratio.
Normal and pathological portal venous blood flow
No portal venous blood flow
Very slow portal vein velocities of less than 2 cm/sec are difficult to detect because this Doppler signal is lower than the threshold of the ultrasound equipment and additional respiratory modulation of the patients. A stagnant or portal venous "0" flow is mainly seen in patients with advanced liver cirrhosis. In patients with stagnant portal vein flow the use of ultrasound contrast enhancing agents might be helpful in the exclusion of portal vein (appositional) thrombosis [(41)].
Retrograde portal venous blood flow
Reversed portal venous blood flow can be observed when intra-hepatic resistance is greater than the resistance of porto-systemic collaterals [ Figure 20 ]. An association has been found between portal venous flow patterns (e.g., abnormal flow direction) and the presence of mainly spontaneous porto-systemic shunts but also oesophageal varices and ascites. The increase of intrahepatic resistance might be explained by structural abnormalities, e.g., hepatocyte enlargement, Disse space collagenisation and hepatic vein sclerosis. Retrograde portal venous flow has been observed mainly in patients with portal hypertension. Respiration dependent hepato-fugal portal flow is a rare finding associated with periodic portal hypertension in patients with right heart insufficiency and/or liver disease. Its clinical significance is unclear.
Pericardial effusion, constrictive pericarditis, pericardial tumours and right atrial tumour and possible other causes leading to an increased right atrial pressure are responsible for a pressure-related hepatic venous out-flow block with subsequent trans-sinusoidal hepato-portal shunting, similar to the mechanical outflow block that causes reversed pulsatile flow in liver cirrhosis. Severe pulmonary hypertension may be responsible for a second important pathophysiological mechanism. Portal vein-hepatic vein shunts and portocaval (portosystemic) shunts may also cause pulsatile portal flow. 
Portal vein thrombosis
Portal vein occlusion with an increase in pre-hepatic portal vein pressure may have different causes -coagulation defects with thrombocystosis, an increase in fibrogen concentration due to inflammation and similar conditions have to be encountered. Periportal venous collaterals as cavernous transformation may at least partially compensate the portovenous hepatic inflow. Moreover, reduced portovenous blood supply may be compensated by an increased arterial perfusion so that the liver function usually appears only slightly impaired. Portosystemic collaterals, however, lead to a reduced "first-pass" effect, deteriorating e.g. encephalopathy. This is especially important when portal vein thrombosis is caused by cirrhosis with reduction of flow, since because of this, encephalopathy may become manifest and the liver-dependent medication metabolism may be disturbed. Colour-coded duplex sonography is the method of choice and has a high degree of sensitivity (> 90 %) in detecting segmentally localized or complete portal venous thrombosis [ Figure 21 ]. 
Hepatic venous outflow obstruction (Budd Chiari-syndrome, BCS)
Budd-Chiari syndrome is a rare cause of liver disease with or without signs of portal hypertension. About one third of patients present with acute disease with sonographically detectable thrombosis. About two thirds have chronic presentation sonographically with occluded hepatic veins and intrahepatic collaterals [ Figure 23 ]. The hepatic vein might in this stage be occluded appearing as fibrous strand or spontaneously partially or completely recanalised dependening on the etiology. Colour Doppler imaging is helpful in the diagnosis of BCS. Doppler ultrasound accurately detected the site of the block in 31 of 39 patients (79%). In patients with newly diagnosed Budd-Chiari syndrome hepatocellular carcinoma has to be ruled out by contrast enhanced ultrasound or other imaging methods.
Liver pathology -detection and characterization of focal liver lesions (FLL)
The definition of a focal liver lesion (FLL) is differences in echogenicity between a circumscribed area and the surrounding liver tissue. Differences in ultrasound echogenicity usually, although not necessarily, show more or less pronounced differences in X-ray attenuation and in magnetic resonance (MR) as well. Consequently, most FLL are visualized by all three sectional imaging modalities, whereas some few are shown by one or two of these modalities only.
FLL are detected and characterised sonographically by echogenicity differences from the surrounding liver tissue as well as by the detection of hyper-or hypovascularisation (colour Doppler ultrasound).
Conventional B-scan ultrasound makes it possible to detect unequivocally the frequently occurring typical liver cysts and calcifications. Detection and characterisation of liver tumours on the other hand, still represents a challenge to all imaging modalities despite all the advances in imaging techniques (ultrasound, CT and MRI scanning).
More recently, contrast enhanced ultrasonography can provide important additional information on FLL perfusion kinetics and vascularisation pattern. Circumscribed lesions of liver-foreign tissue (e.g. metastases) can be detected by the absence of uptake of contrast media.
Such lesions appear in the post vascular late-phase image as storage defects, though this late-phase effect is neither absolutely specific nor absolutely sensitive. As a result of their doubled blood supply via the portal vein and the hepatic artery, focal lesions in the liver often exhibit no general hyper-or hypo perfusion but, depending on the flow phase and the histology, present a complex temporal and spatial picture of increased and reduced contrast. Certain lesions can give a characteristic vascular picture (e.g. the wheel-spoke phenomenon) or a distinctive perfusion pattern (e.g. halo contrasting or iris diaphragm phenomenon), allowing the lesions to be characterised, but the contrast patterns do not always take this typical form. Similar arterial, parenchymatous, and venous characteristics are exhibited by the spleen and by lymph nodes.
The technique of contrast enhanced ultrasound (CEUS) is described in the technical chapter. The use of contrast agents in the liver is possible for different purposes [(14;18)]: -detection of liver tumours; -characterisation of liver tumours (benign versus malignant); -monitoring of local ablative treatment; -imaging hepatic vessels; -describing diffuse liver disease by demonstrating intrahepatic microscopic shunts by measuring the hepatic transit time (time interval between appearance in the hepatic artery to the liver veins); -Analysing time intensity curves.
Liver tumour detection
CEUS increases the detection rate of metastases as compared to conventional B-scan ultrasound which has been demonstrated also by multicenter trials. Comparative studies have shown that the detection rate is of the same accuracy as the detection rate for contrast enhanced CT and MRI scans. CEUS allows the same detection rate for benign FLL as compared to their occurrence in normal liver parenchyma (10 % of all livers) which is of importance when it comes to a differential diagnosis.
Differentiation of benign and malignant lesions
Characterisation of a liver lesion begins once an abnormality is found. An imaging procedure that is used to detect liver masses should also enable the examiner to differentiate between benign and malignant lesions. Contrast enhanced ultrasound in the portal venous and late phase after injection of Levovist? and SonoVue considerably improves the characterisation of liver tumours compared with conventional B-mode ultrasound, leading to differentiation of benign and malignant liver lesions in most patients -if cysts and calcifications are excluded by conventional B-mode ultrasound. CEUS facilitates the clinical decision as to whether a sonographically detected liver lesion will need further investigation or not. From this point of view, this new technique might help to reduce unnecessary or invasive examinations in certain cases, such as invasive liver biopsy, CT-scan and MRI. Only few false positive findings have been observed so far, mainly due to abscesses or necrosis, old fibrous focal nodular hyperplasia with predominantly scar tissue, sarcoidosis lesions, and inflammatory pseudo-tumours of the liver [ (20)].
Focal liver lesion (liver tumour) characterisation
Liver cyst
Liver cysts are a frequent finding. They are readily diagnosed using conventional B-mode ultrasound. Liver cysts are characterised, as other cysts by -typically round, anechoic, smoothly delineated structures with refraction shadows at the edges, strong posterior wall echo and postcystic enhancement due to the intensity difference between the beam intensity deep to the cyst and in the cysts displaying all sonographic sign are defined as typical [ Figure 25 ] whereas cysts with not all sonographic signs of typical cysts are defined as being atypical [ Figure 26 ].
Figure 25
Typical liver cyst. Exophytic liver cyst next to the spleen. Typical liver cysts display all morphological criteria (echo-free, round-oval, well-defined borders with lateral shadowing and transducer distal (posterior) echo enhancement) whereas atypical liver cysts do not.
Figure 26
Atypical liver cyst. Atypical liver cysts do not display all morphological criteria of typical liver cysts (echo-free, round-oval, thin walled, well-defined borders with lateral refraction shadowing and postcystic echo enhancement). In another example the cyst like structure is a hepatic vessel which might be sometimes difficult to recognise using conventional B-mode (a,b).
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Haemangioma
Hepatic haemangiomas are known to be the most common benign liver tumours, with an incidence in autopsy and imaging studies of up to 7 % [ Figure 30 -32]. Up to 10 % of patients with haemangiomas cannot be reliably diagnosed using imaging methods; in those patients only ultrasound guided liver biopsy and examination of the specimen is decisive for final diagnosis which is mainly true in the patient with malignant underlying disease. One retrospective study of percutaneous biopsies of 38 patients (1 cm to 13.5 cm, with a mean of 3 cm) with suspected hemangioma using 20 gauge needles reported that it is safe and effective for establishing the diagnosis of hemangioma.
Conventional B-mode ultrasound
Most haemangiomas demonstrate typical sono-morphological features in conventional B-mode, characterised as: less than 3 cm in diameter, lobulated with a well defined outline, located adjacent to liver vessels, demonstrating an echo-rich texture and sometimes posterior acoustic enhancement due to blood filled capillaries.
Colour Doppler imaging
Although haemangiomas are highly vascularised masses, from the histo-pathological perspective, they consist essentially of a large number of capillary-sized vessels and so, even with the use of high-end ultrasound systems, conventional colour Doppler ultrasound often detects little or no blood flow inside the haemangioma due to the fact that the blood flow velocity in the capillary haemangioma is too slow. The supplying and draining vessels ("feedings vessels") may be visualised (depending on the ultrasound systems performance) at the edge of the lesion.
Contrast enhanced ultrasound
Contrast enhanced ultrasound has markedly improved the correct diagnosis of haemangioma which is possible in about 95 % of patients. CEUS demonstrates typical haemangioma imaging characteristics, i.e. peripheral nodular contrast enhancement and iris-diaphragm sign in a high percentage of patients with undetermined lesion. Difficult differential diagnosis includes shunt haemangioma (synonymous high-flow haemangioma, 5-10%) which might be confused with focal nodular hyperplasia when small, hepatocellular adenoma or hepatocellular carcinoma. A thrombosed haemangioma might be confused with a metastasis by demonstrating contrast sparing in the arterial and portal venous phase. 
Hepatocellular carcinoma (HCC)
Conventional B-mode ultrasound
There are no typical criteria in B-mode ultrasound in small hepatocellular carcinoma < 30 mm. Echogenicity of the lesion depends on its size and on the surrounding liver tissue (cirrhotic versus non-cirrhotic) [ Figure 35 -36]. HCC in an otherwise normal liver parenchyma is usually iso-or slightly hypoechoic compared to the surrounding liver tissue. Hepatocellular carcinoma can be very difficult to identify in patients with liver cirrhosis and tumours morphology might be iso-hypo-or hyperechoic.
Dysplastic nodules are sometimes difficult to differentiate.
Colour Doppler imaging
HCC are in most cases (80-90%) distinctly hypervascularised using conventional colour Doppler imaging [ Figure 35 ] and are mainly peripherally located. In such cases, confusion is possible with other hyperperfused liver tumours which, however, are rarely observed in a cirrhotic liver. From the differential diagnostic point of view it is then necessary to consider metastases of hyperperfused tumours, e.g. a hypernephroma, breast carcinoma, lung cancer, or more typically carcinoids. Metastases of primary extrahepatic tumours are however rare in a cirrhotic liver.
Contrast enhanced ultrasound
HCC typically exhibit hyperperfusion of the tumour compared with the surrounding liver tissue at a time when in the surrounding liver no contrast effect is as yet discernible. In the HCC a chaotic vascular pattern is typically observed, as a sign of neovascularisation of the tumour. Regenerative nodules may also exhibit additional arterial enrichment; by analysis of the portal venous phase it may be possible to differentiate these (isoenhancing) nodules from hepatocellular carcinomas (weakly contrasting).
Sonographic recognition of hepatocellular carcinomas in liver cirrhosis can be difficult if the echo texture is very inhomogeneous. One possible approach is to examine the liver in the early arterial phase after the injection of a signal enhancer, with low mechanical index (<0.4). CEUS has proven to be effective in the differential diagnosis of cirrhotic nodules (regenerative nodule, hyperplastic nodule). 
Metastases
The liver is the parenchymatous organ in which metastases of extrahepatic tumours are encountered most often. The special features of portal vein circulation favour haematogenic metastasisation in the liver.
Conventional B-mode ultrasound
Size of the metastases can be anywhere between only microscopically detectable (cellular) infiltration and giant masses measuring more than 20 cm, and the echogenicity varies widely. Intraoperative ultrasound (IOUS) might be helpful in certain cases during surgery.
Colour Doppler imaging
Metastases are as a rule poorly vascularised analysing large definable vessels and their essential characteristic is a predominantly arterial blood supply (with little or no portal venous blood supply). Like the echogenicity (most often hypoechoic), the vascularisation depends on the size, the biological behaviour, and nature of the primary tumour. Irregular vascularisation is often observed, with broken-off vessels and peripherally situated arterio(porto-)venous shunt formation. The metastases of neuroendocrine tumours (and also e.g. metastases of renal cell carcinomas) may be more richly vascularised than other metastases. However, no conclusions are possible about the primary tumour on the basis of the echotexture and vascularisation pattern observed.
Contrast enhanced ultrasound in metastatic disease
Contrast enhanced ultrasound has markedly improved the detection rate of liver metastases. Liver metastases can be reliably diagnosed as hypoenhancing lesions during the liver specific portal venous sinusoidal phase. False negative findings are rarely encountered whereas false positive findings have to be ruled out by puncture and histological examination, e.g. abscess, necrosis, fibrous tissue and others [(22;59) ].
Metastases may be contrasted already in the arterial phase, even though early arterial enhancement (in less than 15 seconds) is not typical and often the only observation is a degree of signal enhancement with a marginal emphasis ("halo sign", "rim sign").
Contrasting of the vessels proceeds from the periphery towards the centre, and the vascular pattern is irregular. In poorly vascularised metastases contrast enhanced colour Doppler ultrasound also often reveals only small blood vessels situated at the edges (or within the lesion), and in many patients vascularisation cannot be imaged at all. In the portal venous phase metastases are contrasted increasingly as signal "black spots" against the background of uniformly enhanced normal liver tissue [ Figure 39 ]. Contrast enhanced intraoperative ultrasound might be helpful in certain cases to detect lesions during surgery. Phlegmonous inflammation and abscesses demonstrate variable and sometimes confusing B-mode images changing over time. The initial phlegmonous inflammation is often isoechoic in comparison to the surrounding liver parenchyma and is sometimes difficult to recognise. In older (chronic) abscesses hypervascularitiy of the nodule border might be confused with pseudotumour of the liver, even histologically. Small disseminate candida abscesses might be confused with lymphoma or circumscribed hemophagocytosis syndrome (especially in the young). Puncture and drainage (if necessary) are the diagnostic and therapeutic interventions. Abscesses up to 5 cm might be drained by one procedure whereas larger abscesses need to be treated over a number of days.
The initial phlegmonous inflammation is often hypervascular in comparison to the surrounding liver parenchyma but difficult to recognise. In older (chronic) abscesses hypervascularitiy of the nodule border is typical [ Figure 41 ]. In typical cases CEUS shows sharply delineated hypervascularity demonstrating the pseudocapsule and no gas bubbles inside the lesion. 
Clinical importance of liver ultrasound in daily routine
Ultrasound is the first and most important imaging method in suspected liver disease -which holds true both in the sense of proving (e.g., metastatic disease) and excluding pathology. It is the single best tool in the evaluation of focal liver lesions, unbeaten by any other imaging modality, due to realtime, dynamic nature, high resolution and good safety record. It is invaluable in the differential diagnosis of jaundice, in describing liver cirrhosis complications, and in any form of ultrasound guided intervention. In summary ultrasound is an indispensable tool in clinical hepatology.
Ultrasound of the liver: -is the first and most important imaging method in suspected liver disease; -is first line indication in: o evaluation of elevated liver functions tests and cholestasis indicating enzymes; o differential diagnosis of icterus (diagnosis / exclusion of cholestasis); o monitoring of complications of liver cirrhosis (ascites, portal hypertension, HCC); o tumour detection / exclusion / follow up; -Contrast enhanced ultrasound is helpful especially for tumour detection and characterisation; it prevents unnecessary further imaging.
Liver sonography is essential for guidance of liver/biliary tree interventions such as biopsy.
Sonography is the most important imaging method in oncological follow up. The use of sonography is limited in:
-the exact measurement of the size of the liver (which is of limited value in the clinical routine); -the diagnosis of early cirrhotic stages and in the differential diagnosis of diffuse parenchymal diseases.
